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INTRODUCTION

Thi s paper discusses the general use and functionality of the crash
fire rescue training facilities. It also discusses the fire
training facility design and performance, the probl ens encountered
with the design and the revisions nmade to alleviate the problens.

BACKGROUND

The Orash Fire Rescue Training Facilities (CFRTF)are aircraft crash
nmock-up that use the liquified petroleum gas (lpg) propane to
simul ate ensuing fires. Al of the facilities erected after 1992
are based on a standardized aircraft crash fire rescue training
facility design provided by the Air Force. The standard design was
devel oped so that all fire fighting personnel will receive the sane
training, regardless of the training facility location. The design
contains all of the basic conponents required to sinulate the
different types and l|ocations of fires observed from a crashed
aircraft.

BASIC COMPONENTS

The basic design conponents of the crash fire rescue training
facilities specified in the standard design are as indicated in
figure 1. The conponents consists of an aircraft nock-up | ocated
within a circular burn pit, an |Ipg storage tank and fuel piping
distribution system electrical power and control systens, a water
conservation pond, and a central control/observation tower.

Al RCRAFT MOCK- UP

The aircraft nock-up consists of a 3.66 m (12 ft.) dianeter
corrugated steel fuselage and rolled plate steel nose and tail
sections, a lowright wng section, a high left wing section with
two engines, and a high tail section with a single engine. The
inside of the nock-up contains grated flooring for general
circulation with an el evated cockpit area. penings in the nock-up
i nclude 2 doors on each side, a cargo opening at the tail section,
and w ndow openings at the cockpit and on the sides of the
fusel age. The nock-up is approximately 23.8 m (78 ft.) in length
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FI GURE 1. TYPI CAL CRASH FI RE RESCUE TRAI NI NG FACI LI TY DESI GN COVMPONENTS

with a total wing span of 22.9 m (75 ft.). Access inside of the
nmock-up is achieved fromthe | ow wing section of the plane. The
mock-up aircraft is suspended from an internal frame structure
which rests on six colums with large bearing plates and two
addi tional supports are provided for each wi ng section.

BURN PI T

The burn pit area is approximately 36.6 m (120 ft.) in dianmeter and
1.22 m (4 ft.) deep and is protected by a 304.8 mm (1 ft.) high
berm An 80 m| high density pol yethyl ene (hdpe) liner is |ocated
at the bottom of the pit to contain water and products of
conbustion which nmay be harnful to the environnent. The area just
outside of the burn pit is conpacted aggregate paving. The area in
the burn pit below the nock-up is filled wth conpacted crushed
angul ar rock that is used for maneuverability when the burn pit is
filled with water. The pit contains a drainage weir which is used
to drain the water level in the pit to prevent algae and to
all eviate the occurrence of breeding insects. The drainage weir
gravity drains to the water conservation pond or to a |ift station
through a 50 mm (2") pipe.



LP- GAS STORACE TANK AND PI PI NG DI STRI BUTI ON SYSTEM

A horizontal aboveground steel |pg storage tank with a m ninmm
vol ume of 37,854 Liters (10,000 gal.) is used to supply propane to
the facility. Schedule 80 black steel piping is used to convey the
propane liquid and gas mxture from the storage tank to the |pg
distribution manifold | ocated at the control tower. The piping off
of the distribution manifold is routed down the tower, underground
to the burn pit and then to each respective fuel burner assenbly.

Four types of burner assenblies are utilized in and around the
nock-up. They are interior, engine, exterior and ground burner
assenblies. Interior burner assenblies are |located in the cockpit,
battery conpartnent, passenger (pax) conpartnent and cargo
conpartnent (figure 2). The exterior burner assenblies (figure 3)
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are located at the auxiliary package unit (apu) and wheel well
conpartnents. The engi ne burner assenblies are located in the two
hi gh wi ng engines and in the high tail engine. The ground burner
assenblies are located at the front and rear of the nock-up and
under the high and | ow w ngs.
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Al'l  burner assenblies are formed from schedule 80 black steel
piping (figure 4). The interior burner assenblies consists of a
single or dual parallel piped fuel distribution manifold with 8 nmm
(1/4") perforations (figures 4a and 4b). Engi ne burners consi st of
a single piped fuel distribution manifold with 8 nmm (1/4")
perforations (figure 4b). Fuel fromthe burner is dispersed into
wat er within each engi ne which produces a fire effect which covers
a larger surface area that the |inear burner pipe can not provide
al one.

Each ground burner assenbly consists of four steel parallel piped
fuel distribution manifolds with 8 nm(1/4") perforations along the
l ength of the pipe (figure 5). Each ground burner is subnersed j ust

bel ow the water level in the burn pit. This creates a pooling
effect which distributes the fuel outward of the burner and creates
fires that cover a greater surface area. The ground burners

| ocations allow fire fighters to experience the sinulation of a
crashed aircraft that has been totally envel oped in flanes.
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ELECTRI CAL PONER AND CONTROL SYSTEM

The el ectrical systens consist of general site power for |ighting,
site transfornmer, individual high voltage ignitor transformers,
equi pnent di sconnect swtches, ignitor and lighting control
swi tches, punp control switches and |p-gas driven generators at
sonme renote locations. All electrical conponents |ocated within
fifteen feet of |Ip-gas relief vents are required explosion proof
rated, however by piping the relief vent lines fifteen feet from
the electrical conponents, the expense of installing explosion
proof type devices was avoi ded.

Each electrical ignitor conduit |ocated within the burn pit is
encased in a water jacket assenbly (figure 6). The water jacket
assenbly consists of high voltage ignitor wiring within schedule 40
conduit encased in 101.4 nmm (4") dianmeter schedul e 80 bl ack steel
water piping and a 101.4 nm (4") ignitor assenbly encased in a 254
mm (10") dianmeter schedul e 80 bl ack steel water piping. The water
j acket assenblies prevent the electrical wiring from bei ng damaged
by the intense heat generated during training exercises.
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CONTROL/ OBSERVATI ON TOAER

The control tower is a 3.66 to 6.10 m (12 to 20 ft.) steel
structure with an observation deck at 2.81 m (9 ft.) above grade
that faces the burn pit. The tower contains the energency shut
down controls and all of the fuel, water and electrical contro
val ves and switches (figure 8).
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FIGURE 7. CFRTF CONTROL/ OBSERVATI ON TOVER

WATER CONSERVATI ON POND

An approximately 340 n? (12,000 ft3) in ground water conservation
(holding) pond is utilized to store water to be used in the burn
pit. The entire pond is formed using an 80 m | hdpe liner. The
pond is designed to supply water to the burn pit functions and to
receive the discharge fromthe burn pit drain lines after training
exerci se have been conpleted. A subnersible punp within the pond is



used to supply water to the water distribution manifold at the
control tower. The water is then routed to burn pit. To offset
the effects of evaporation or having to truck water into the
facilities, make-up water for the pond is provided fromeither a
yard hydrant or a fire hydrant |ocated near the pond.

DESIGN CONCEPT

The basis of the crash fire rescue training facilities is to
provide a realistic atnosphere fromwhich "hands on" aircraft crash
rescue and fire fighting training can be acconplished in a safe and
controll ed manner. The propane and electrical systens at the
facilities are designed so that a single operator |ocated at the
control tower controls and oversees all training activities being
performed. Fromthe tower, the operator controls the |ocations,
durations, and the intensities of the fires within the burn pit.
The fuel burner systemis designed so that the fires in the pit are
not capabl e of being extinguished by the fire fighters. Al fires
will be shut down by the operator once the fire fighters have
| earned the proper fire fighting techniques and the training
instructor is satisfied with their performance. The operator also
controls all the fire simulation support functions such as the
wat er supply system and the energency shut down system

SYSTEMS OPERATION
WATER DI STRI BUTI ON SYSTEM

Prior to starting the fires within the burn pit, the burn pit fill
control valve is opened and the subnersible punp |ocated within the
wat er conservation pond is activated. The punp distributes the
wat er through a 100 mm (4") manifold located in the burn pit with
outlet slots |located throughout the I ength of the pipe. Once the
burn pit is filled up to the level of the top of the drai nage weir,
the fill water supply valve is closed, the ignitor water jacket
supply valve is opened and the running fuel fire supply punp is
activated. Upon verification that all water systens are properly
functioning, the facility is ready to begin fire training
pr ocedures. After training procedures are conpleted, the water
di stribution punps are deactivated, all water supply valves are
cl osed, and the drainage weir inlet and outlet valves are opened
allow ng the burn pit to drain.

PROPANE FUEL DI STRI BUTI ON SYSTEM

The fuel distribution systemis designed to provide a m ni num of
fifteen individual burner fires within and outside of the aircraft
nmock-up. Each burner assenbly is controlled fromthe tower. Prior
to supplying propane to the respective burner, the correspondi ng



el ectrical spark type ignitor is activated and verified operable.
When the ignitor is activated, a solenoid valve |ocated in the fuel
line opens and remains open until the ignitor is reset. The
operator then opens the manual fuel control valve and the burner
fire is ignited. The operator adjusts the height of the burner
fire with the control valve until the desired fire is achieved.
Each burner assenbly is activated simlarly and depending on the
training objectives, nunmerous burners may be in activation
si mul t aneousl y.

ELECTRI CAL | GNI TOR CONTROL SYSTEM

The fires within burn pit are ignited by high tenperature, spark
type ignitors (Figure 4). Al'l ground and interior burners are
ignited by a single ignitor assenbly while each of the w ng engine
burners are ignited by two ignitors. Each single ignitor and each
set of ignitors are individually controlled froma switch | ocated
at the control tower. Al of the interior and engi ne conpartnent
burner ignitors have fixed "on-off" type manual ignitor contro
switches while the ground burners have nonentary "on-off" type
manual control sw tches.

EMERCGENCY SHUT- DOMN SYSTEM

The energency shut down system consists of nitrogen operated
pneumatic | p-gas shut-off valves |located in the burn pit in each of
the fifteen Ip gas lines at approximately 76.2 mm (3 ft.) fromthe
base of each burner riser. Five electric pilot valves at the
control tower which are connected to the energency shut down button
are utilized to control the pneumatic valves in the burn pit in the
burn pit. Pneumatic piping fromthe control tower to the burn pit
is routed underground in a service trench. When an energency
ari ses, the enmergency shut-down system push button is activated and
all pneunmatic valves within the burn pit are closed. The |p-gas
solenoid valves are closed and all electrical ignitors are
deact i vat ed. The system renmains inactive until the shut-down
system button is reset.

DESIGN DEFICIENCIES AND MODIFICATIONS

After the standard design drawings were distributed for use and
various crash fire training facilities had been erected, several
revisions to the design were required to upgrade each of the
facilities to the safety and functional standards required by the
Air Force. Primary revisions included adding an energency shut-
down system revising the existing control buttons, adding an
ignitor water jacket cooling system and revising the aboveground
burner assenbli es. QO her revisions that were nade on a site by
site case included providing an | pg storage tank with a capacity of



at least 37,854 Liters(10,000 gal.), revising and addi ng burner
shi el ds, replacing aboveground schedule 40 black steel |p-gas
distribution piping with schedul e 80 bl ack steel piping, replacing
pea size gravel within burn pit with 1 1/2" to 2 1/2" crushed
angul ar rock, adding a cover to control tower and upgrading lift
station punping capacities.

EMERCGENCY SHUT- DOAWN SYSTEM

During the testing of several of the training facilities, it was
observed that the burners continued to produce a fire for periods
of thirty seconds or nore after the fuel control valves were
closed. This effect was caused because the fuel that remained in
approximately 61 m (200 ft.)of the Ip-gas distribution piping
| ocated between the fuel control valve at the control stand and the
burner assenblies in the burn pit continued to be rel eased until
totally depleted. The energency fuel shut-down system was
i ncorporated to provide instantaneous fuel shut-off for whenever an
energency ari ses.

LP- GAS BURNERS AND SHI ELDS

Initially all the burner assenblies, excluding the ground burners,
utilized spray type nozzles to sinulate the fires at each
respective |ocation. Wen tested, the nozzles created a fire
pattern simlar to that created by a small flanme thrower. The
effects fromthe nozzles produced very little snoke and an al nost
invisible flane. These fires were not conparable to the fires
attained in an actual aircraft fire and needed to be revised. In
order to produce a nore realistic type fire and snoke sinul ation,
the linear type burners were adopted.

Several of the burners were designed with small shields which were
to prevent the burner fires from being extinguished by the fire
fighters. While testing the facilities, the fires were being
extingui shed by the hose streans because the burners were not
protected on all sides fromwhich the fire fighter could approach.
Wien the fires becanme extingui shed, propane fuel continued to flow
This caused a safety concern and in order to insure that expl osion
fromthe accumul ati on of propane did not occur within the aircraft
nmock-up, plate steel shields were added or revised at the interior
burner | ocations so that the fire fighters hose streans coul d not
conme into direct contact wwth the burner and ignitor assenblies,
regardl ess of their angle of attach.

| GNI TOR WATER JACKETS

The el ectrical wring serving the burner ignitor assenblies were
initially encased in schedul e 40 steel conduit and routed to each
ignitor. During testing on several of the facilities, the ignitor
wiring becanme frayed fromthe intense heat produced fromthe burner



fires and consequently the ignitors becane inoperable. In order to
protect the wiring and ignitors from the heat, ignitor water
j ackets were designed. The water jackets consists of the
electrical wiring within conduit encased in 4" to 10" dianeter
piping that is sealed at the base of each electrical riser and at
the location of the ignitor spark mechani sm (spark plug). An inlet
at the base of the riser and an outlet at the ignitor encasenent
are installed and water is circulated through the encasenent to
prevent the wiring frombeing overheated. The water piping system
is designed to constantly flow approximately 5 gpmthrough the each
of the water jackets while training is being perforned.

ELECTRI CAL | GNI TOR CONTROLS

The initial crash fire training facility design docunents provided
for the installation of ignitor push button type controls for each
of the burner assenblies in the burn pit. However, the plans did
not provide any gui dance on the order and | ocation of the controls.
During the testing of several of the facilities, the operators were
havi ng trouble coordinating the ignitor controls with the manual

fuel control valves. Sonme of the valves and ignitor control
switches were out of reach of each other and therefore required
nmore than one person to operate. |In order to alleviate the problem

and to provide precise coordination between the ignitor controls
and the fuel supply controls to each burner, the electrical ignitor
switches were rearranged and rel abeled to match the order of the
burner propane supply piping. This allowed a single operator to
control all fueling control functions wthout |osing direct sight
of the training events.

CONCLUSION

The crash fire rescue training facilities constructed fromthe Ar
Force standard design initially contained several design and safety
deficiencies which prohibited the fire training personnel from
utilizing the facilities until the necessary nodifications were
made. Through the testing of several of the facilities and
f eedback from desi gn and construction personnel, the deficiencies
were identified and corrections were established. The corrections
were incorporated into the construction docunents and nodifications
are currently being performed or have recently been conpleted.
Once each facility is tested and approved by the Air Force, the
fire fighting personnel will be able to utilize the facilities.
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